Background: In examining childhood overweight/obesity, there is a need to consider both
Childhood obesity also increases the risk of adult obesity, which in turn increases the likelihood of comorbidities (Lakshman et al. 2012 ).
Moreover, Sanderson et al. showed that being overweight in childhood may increase the risk for mood disorders in adulthood, especially among overweight girls who become obese women (Sanderson et al. 2011 ). In addition, Anderson et al. reported that adolescent obesity in females predicted an increased risk for subsequent major depressive disorder and for anxiety disorder, whereas adolescent obesity in males was not statistically significantly associated with risk for these disorders (Anderson et al. 2007 ). Thus, it is important to prevent overweight/obesity in children and adolescents, especially in girls, for their health and well-being during both childhood and adulthood.
Previous studies have shown the relationship between eating quickly and overweight/obesity among children and adolescents (Murakami et al. 2012; Sun et al. 2009 ). Because these studies have been cross-sectional, it is difficult to prove a causal relationship between eating quickly and overweight/obesity. Thus, we previously reported the impact of eating quickly on anthropometric variables in a prospective study (Ochiai et al. 2014b ). However, a recent study examined whether combinations of self-reported eating quickly and self-reported eating until full were associated with overweight/obesity (Maruyama et al. 2008 ). In the study, the combinations consisted of the following groups: "not eating quickly and not eating until full," "eating quickly and not eating until full," "eating until full and not eating quickly," and "eating quickly and eating until full." The results showed that "eating quickly and eating until full" was associated with overweight/obesity, whereas "eating quickly and not eating until full" was not associated with overweight/obesity. Therefore, it is necessary to consider eating until full when examining the relationship between eating quickly and overweight/obesity. Accordingly, we prospectively investigated whether eating quickly or eating until full was associated with gains in anthropometric variables and then examined the influence of the combinations of eating quickly and eating until full ("not eating quickly and not eating until full," "eating quickly or eating until full," and "eating quickly and eating until full") on the gains of anthropometric variables and becoming overweight/obese. Participants were schoolgirls in the town of Ina, which is in Saitama Prefecture, Japan. The proportion of obesity in fourth graders (aged 9 or 10 years) in the town of Ina had been higher than that in children aged 9 or 10 years in Japan. Therefore, as a part of its community health services, Ina town had conducted a health examination and questionnaire survey for fourth and seventh graders, in addition to annual national health checkups performed in accordance with the School Health Law. Details regarding the examination and the questionnaire survey are reported elsewhere (Ochiai et al. 2010; Ochiai et al. 2014a; Shirasawa et al. 2012 ). The present study was conducted based on the examination and survey. 
| Data collection
Anthropometric measurements for each participant were conducted at baseline (in fourth grade), and follow-up measurements were carried out after 3 years (in seventh grade). Measurements for height, weight, and waist circumference (WC) were performed by trained school nurses/doctors either in the school's infirmary or in a designated room to ensure that the participants' privacy was protected during the procedures. Participants were asked to remove shoes and socks before measurements. During measurement, participants wore light clothing and were in a standing position. Height and weight were measured to the nearest 0.1 cm using a stadiometer (TK-11253, Takei Scientific Instruments Co., Ltd., Niigata, Japan) and 0.1 kg using a scale (TBF-102, Tanita, Tokyo, Japan), respectively. Body mass index (BMI) was computed as weight (kg) divided by height (m) squared. The measurement of WC was carried out to the nearest 0.1 cm in a standing position at the navel level while another examiner checked verticality from the side. Waist-to-height ratio (WHtR) was calculated as WC (cm) divided by height (cm). All anthropometric measurements were performed using the same procedures in fourth and seventh grade.
Data on eating habits (eating speed and eating until full) were collected by a questionnaire survey. The survey was conducted in fourth and seventh grade. A self-administered questionnaire was distributed to each participant in school. Thereafter, the participant completed the questionnaire, which was collected at school. The information regarding eating speed was collected according to three qualitative categories (fast, medium, or slow) (Tanihara et al. 2011; Zhu et al. 2015 ) from the question: How fast is your eating speed compared to others? For eating until full, answers were given in a yes/no form (Tomofuji et al. 2011 ).
| Statistical analysis
classified into the following three eating habit patterns: "not eating quickly and not eating until full," "eating quickly or eating until full,"
and "eating quickly and eating until full." In this study, "eating quickly and not eating until full" and "not eating quickly and eating until full" were combined into "eating quickly or eating until full" because the numbers in "eating quickly and not eating until full" were small.
Data are presented as mean (standard deviation) for continuous variables or number (%) for categorical variables. Characteristics of study participants were compared between the eating quickly group and the not eating quickly group or between the eating until full group and the not eating until full group by unpaired t-test. Because analysis of variance is the appropriate method for a comparison of more than two group means (Kim 2014) , analysis of variance was used to compare characteristics among the three eating habit pattern groups.
Because the analysis of covariance tests for a significant difference in an outcome measure that has been adjusted for a covariate (Colliver & Markwell 1987) , analysis of covariance was performed using the difference in each anthropometric variable between fourth and seventh grade as a dependent variable (outcome), each eating habit or the eating habit pattern in fourth grade as an independent variable, and age and each anthropometric variable in fourth grade as covariates. Analysis of variance or analysis of covariance with a post hoc test (Dunnett method) was used to compare the differences in each anthropometric variable between fourth and seventh grade in the "not eating quickly and not eating until full" group with those in the other groups (the "eating quickly or eating until full" group and the "eating quickly and eating until full" group).
A P value less than .05 was considered statistically significant. All statistical analyses were performed using Statistical Analysis System version 9.4 (SAS Institute Inc., Cary, NC, USA).
| RESULTS
Of 568 girls, 565 participated in this study in fourth grade (participation rate: 99.5%). Among the 565 girls, 507 were followed up (follow-up rate: 89.7%). The following girls were excluded from the analysis due to incomplete data (24 girls) or overweight or obese status in fourth grade (58 girls), which was defined by the criteria of the International Obesity Task Force (Cole et al. 2000) , because the relationship of the combinations of eating quickly and eating until full to being overweight/obese was examined in this longitudinal study. Thus, 425 non-overweight/obese girls were analyzed in the present study.
The mean BMI was 16.1 in fourth grade and 18.1 in seventh grade.
A statistically significant difference between fourth grade and seventh grade was found regarding BMI (P < .05). Table 1 shows characteristics of the study participants included for analysis by eating quickly or eating until full in fourth grade. In fourth grade, statistically significant differences between the eating quickly group and the not eating quickly group were observed in age, height, weight, and WC. In seventh grade, statistically significant differences between the eating quickly group and the not eating quickly group were found in height, weight, BMI, WC, and WHtR. There were no statistically significant differences between the eating until full group and the not eating until full group in characteristics in fourth grade and seventh grade.
Differences in each anthropometric variable between fourth and seventh grade were examined by "eating quickly or not" or "eating until full or not" in fourth grade ( Table 2 ). The differences in all anthropometric variables (BMI, WC, and WHtR) were significantly higher in the eating quickly group than in the not eating quickly group. In addition, the differences were statistically significant even if age and each anthropometric variable in fourth grade were adjusted. There were no statistically significant differences between the eating until full group and the not eating until full group in differences in each anthropometric variable between fourth and seventh grade. Table 3 shows characteristics of the study participants included for analysis by eating habit patterns in fourth grade. There were statistically significant differences among the eating habit patterns in height and weight in fourth and seventh grade. Although no significant differences among the eating habit patterns were observed in BMI and WC in fourth grade, there were statistically significant differences in these in seventh grade. Furthermore, the statistically significant differences were observed between the "eating quickly and eating until full" group and the "not eating quickly and not eating until full" group. Table 4 shows the difference in each anthropometric variable between fourth and seventh grade by eating habit patterns in fourth grade. The differences in all anthropometric variables (BMI, WC, and WHtR) were higher in the "eating quickly and eating until full" group than in the "not eating quickly and not eating until full" group, and the differences were statistically significant. Even if age and each anthropometric variable in fourth grade were adjusted, the statistically significant difference still remained. The differences in anthropometric variables were not statistically significant between the "eating quickly or eating until full" group and the "not eating quickly and not eating until full" group. The proportions of being overweight/obese in seventh grade were 3.9% in the "not eating quickly and not eating until full" group, 3.2% in the "eating quickly or eating until full" group, and 4.2% in the "eating quickly and eating until full" group.
Next, the difference in each anthropometric variable between fourth and seventh grade was calculated in girls who had the same eating habit patterns in fourth and seventh grade (Table 5) . The difference was significantly higher in the "eating quickly and eating until full" group than in the "not eating quickly and not eating until full" group.
The adjusted differences in WC and WHtR between the "not eating quickly and not eating until full" group and the "eating quickly and eating until full" group were statistically significant. In contrast, the adjusted differences in the gain of each anthropometric variable between the "eating quickly or eating until full" and the "not eating quickly and not eating until full" were not statistically significant. Similar results were obtained in the analysis that included those who had changed eating habit patterns (data not shown). The proportions of being overweight/obese in seventh grade were 5.6% in the "not eating quickly and not eating until full" group, 3.0% in the "eating quickly or eating until full" group, and 20.0% in the "eating quickly and eating until full" group. The proportion was 2.8% in girls who changed their eating habit patterns between fourth and seventh grade.
| DISCUSSION
The present study investigated the influence of the combinations of eating quickly and eating until full on anthropometric variables (BMI, WC, and WHtR) among schoolgirls in a longitudinal study. Gains in all anthropometric variables from fourth to seventh grade were significantly higher in the "eating quickly and eating until full" group than in the "not eating quickly and not eating until full" group. As far as we know, this is the first longitudinal study regarding the relationship between eating habit patterns (combinations of eating quickly and eating until full) and gains in anthropometric variables among schoolchildren. A recent study reported that BMI and WC were higher in the eating fast group than in the not eating fast group (Zhu et al. 2015) . Moreover, Maruyama et al. showed that the proportion of overweight in the "eating quickly and eating until full" group was higher than that in the "not eating quickly and not eating until full" group *Statistically significant difference (P < 0.05) when compared with the "not eating quickly and not eating until full" group by analysis of variance or analysis of covariance with a post hoc test (Dunnett method). (Maruyama et al. 2008) . These findings were consistent with our study findings.
In this study, the gain in each anthropometric variable between fourth and seventh grade was significantly higher in the eating quickly group than in the not eating quickly group. In contrast, there was no statistically significant difference between the eating until full group and the not eating until full group in the gain of each anthropometric variable. These results suggested that eating quickly is more important than eating until full for the prevention of excess gains in the anthropometric variables among schoolgirls.
The gains in anthropometric variables (BMI, WC, and WHtR) between fourth and seventh grade were significantly higher in girls who reported eating quickly and eating until full compared to those who reported not eating quickly and not eating until full, while there were no statistically significant differences in the gain of each anthropometric variable from fourth to seventh grade between the "eating quickly or eating until full" group and the "not eating quickly and not eating until full" group. These findings suggested that the impact of eating quickly and eating until full on anthropometric variables was substantial. A previous study reported that energy intake per day increased significantly with the increase in the rate of eating (Otsuka et al. 2006 ). In addition, Maruyama et al. showed that total energy intake in the "eating quickly and eating until full" group was higher than that in the other eating habit groups (Maruyama et al. 2008 ). Therefore, total energy intake during the 3 years from fourth to seventh grade could be larger among girls in the "eating quickly and eating until full" group compared to those in the other groups.
In this study, the differences in the gain of each anthropometric variable from fourth to seventh grade between girls who reported "not eating quickly and not eating until full" in fourth grade and those who reported other eating habit patterns in fourth grade were calculated (Table 4) to examine the influence of eating habit patterns on anthropometric variables in a longitudinal design. Because the eating habit patterns were based on the information collected in fourth grade, it is possible that the patterns in fourth grade could change during the 3 years from fourth to seventh grade. However, even when the analysis was limited to girls who reported the same eating habit patterns both in fourth and seventh grade (Table 5) , the results were similar with those for WC and WHtR in the analysis based on eating habit patterns only in fourth grade. Moreover, the results were similar with those in the analysis that included those who had changed eating habit patterns. Therefore, the change of eating habit patterns during the 3 years was not likely to have a substantial impact on the present study results. Furthermore, the proportion of girls who developed overweight/obesity during the 3 years from fourth to seventh grade was higher in the "eating quickly and eating until full" group (4.2%) than in the "not eating quickly and not eating until full" group (3.9%) in this study. The propensity was more pronounced in the analysis among girls who reported the same eating habit patterns in both fourth and seventh grade; the proportion of overweight/obesity at seventh grade was 20.0% in the "eating quickly and eating until full" group and 5.6% in the "not eating quickly and not eating until full" group. These results suggest that eating quickly and eating until full lead to excess gains of anthropometric variables, which increase the risk of overweight/obesity. Therefore, modifying eating quickly and/or eating until full could be effective in the prevention of excess gains in anthropometric variables, resulting in a decrease in the risk of overweight/obesity in schoolgirls. Accordingly, school health programs need to focus on not eating quickly and/or not eating until full to prevent overweight/obesity. For instance, there is a need to emphasize "the risk of overweight/obesity associated with eating quickly and/or eating until full" in schools.
Among girls who reported the same eating habit patterns both in fourth and seventh grade, the adjusted differences in WC or WHtR was statistically significant, while that in BMI was not statistically significant. The results suggested that eating habit patterns have a substantial impact on WC and WHtR. However, the sample size in the "eating quickly and eating until full" group was small, which might lead to the loss of statistical power. Therefore, further large-scale studies are needed to verify these results.
Eating until full refers to eating a large quantity of food in one meal and is unrelated to eating disorders (Maruyama et al. 2008 ). In addition,
Gerace et al. reported that eating fast can result in reduced awareness of the quantity eaten and ingesting amounts that exceed the amount necessary for satiety (Gerace & George 1996) . One study showed that eating quickly may cause overeating before the stomach senses fullness (Otsuka et al. 2006) . Therefore, approaches for eating quickly and/or eating until full in school health programs could be effective for the pre- The strength of the present study is that the follow-up rate was approximately 90%. Furthermore, all anthropometric variables including WC, which is not commonly measured in annual health examinations at elementary schools and at junior high schools in Japan, were measured in this study. However, there are a few limitations in our study. First, the information about eating quickly and eating until full was self-reported, and the participants in our study were not given definitions of eating speed and eating until full. Therefore, these eating behaviors may be interpreted differently by respondents, which could affect the present study results. However, a recent study showed that self-reported eating rates align with laboratory-measured eating rates (Petty et al. 2013) . Furthermore, total energy intake was shown to be higher in participants who reported eating until full than in those who did not report eating until full (Maruyama et al. 2008) . In addition, the reproducibility for self-reported eating quickly and eating until full was reported to be reasonably good (Maruyama et al. 2008) . In fact, self-reported eating quickly and eating until full have been used in several studies (Hsieh et al. 2011; Maruyama et al. 2008; Murakami et al. 2012; Otsuka et al. 2006; Sun et al. 2009; Tanihara et al. 2011; Tomofuji et al. 2011) . For the future, it is desirable to develop more sophisticated tools to measure such eating behaviors. The tools could help improve the validity and reproducibility of epidemiological studies. Second, our study period was from 2004-2006 to 2007-2009, which could limit the ability to apply our findings to 2017. Third, the results in this study could be affected by potential confounders. For instance, socioeconomic status, which has been shown to be associated with overweight or obesity (Aekplakorn et al. 2014; Gnavi et al. 2000; Jin et al. 2013) , was not considered in the present study as this item was not included in the questionnaire of our study. Additionally, information regarding educational level of parents, family size, marital status of parents, physical activity, dietary behaviors, energy intake, hunger, time between meals, and satiety was not considered in this study. Therefore, the possibility of residual confounding cannot be ruled out. In future cohort and intervention studies, it might be necessary to consider such factors when examining the influence of eating quickly and/or eating until full on anthropometric variables and becoming overweight/obese. Finally, our study subjects were from one town in Japan, which might make it difficult to apply our study results to other populations; for instance, demographic variables in our study participants could be different from those in the other regions.
In conclusion, eating quickly and eating until full had a substantial impact on excess gains in anthropometric variables among schoolgirls.
The present study suggests that modifying eating quickly and/or eating until full may help prevent non-overweight/obese girls from excess gains in anthropometric variables, which could contribute to the prevention of overweight and obesity in adolescence. Accordingly, school health programs need to focus on not eating quickly and/or not eating until full to prevent overweight/obesity; it is necessary to emphasize "the risk of overweight/obesity associated with eating quickly and/or eating until full" in schools.
